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Description 

[PROCESS AND STRUCTURE FOR 
SEMICONDUCTOR PACKAGE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 91120701, filed on September 11, 
2002. 

Background of Invention 
[0002] Field of Invention 

[0003] jhe present invention relates to a package process and 
structure. More particularly, the present invention relates 
to a semiconductor packaging process and a structure 
having an improved processing reliability. 

[0004] Description of Related Art 

[0005] | n this information age, electronic products have become 
indispensable tools in every part of our daily life. At the 
core of each electronic product is usually a silicon chip 
that connects with other chips or passive electrical devices 



through a substrate. Since the chip is firmly attached as 
well as electrically connected to the substrate through a 
packaging process, a number of packaging structures 
have been developed such as bump chip carrier (BCC) 
package, film package and quad flat no-lead (QFN) pack- 
age. All these packages have superior electrical perfor- 
mance and heat dissipation capacity. 

[0006] However, in a bump chip carrier (BCC) package, the carrier 
for supporting the chip package must be removed by 
etching in the final step. Since the carrier is made from 
copper, the etched away copper material may leak into the 
surroundings causing metallic contamination. In addition, 
if the etching solution is improperly mixed or the ingredi- 
ents thereof are slightly out of proportion, either the car- 
rier is incompletely removed or the metallic contact sur- 
face is over- re moved. 

[0007] | n the fabrication of a film package, two reflow steps are 
required to connect a film with a substrate electrically. 
Solder balls are implanted on the film in the first reflow 
step, while the film is attached to the substrate through 
the solder balls in a second reflow step. Meanwhile, each 
reflow operation causes some warpage of the film. In ad- 
dition, since the film is thin relative to the substrate, the 



warpage of the film is intensified. 
[0008] | n the fabrication of a quad fiat no-lead (QFN) package, 
the leads thereof are attached to a carrier through a tape. 
Since the tape is made from a soft material, a press head 
of a wire-bonding machine, when pressing wires onto the 
leads, caves into the tape resulting in a shift of the leads. 
Therefore, the wire-bonding head can hardly target the 
leads with any accuracy. Ultimately, reliability of the con- 
nection between the conductive wire and the lead is com- 
promised. 
Summary of Invention 

[0009] Accordingly, one object of the present invention is to pro- 
vide a packaging process capable of producing a package 
having the advantages of the ball chip carrier package, the 
film package and the quad flat no-lead package without 
their associated disadvantages. 

[0010] a second object of this invention is to provide a packaging 
process and a package structure capable of reducing 
heavy-metal contamination due to a metal-etching opera- 
tion. 

[001 1] a third object of this invention is to provide a packaging 
process and a package structure capable of producing a 
substrate with superior surface planarity. 



[0012] a fourth object of this invention is to provide a packaging 
process and a package structure capable of preventing the 
warpage of a substrate. 

[0013] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a pack- 
aging process that includes the following steps. First, a 
carrier having an upper surface and a corresponding lower 
surface is provided. A photoresist layer is formed over the 
upper surface of the carrier. A plurality of photoresist 
openings are formed through the photoresist layer to ex- 
pose the carrier. A plurality of openings that connect re- 
spectively with the photoresist openings are formed 
through the carrier. Thereafter, a tape is attached to the 
lower surface of the carrier. Conductive material is de- 
posited into the openings of the carrier thereby forming a 
conductive body inside each opening of the carrier. A chip 
is positioned on the upper surface of the carrier such that 
the chip and the conductive body within the openings are 
electrically connected. Finally, the tape is removed from 
the lower surface of the carrier. 

[0014] According to one preferred embodiment of this invention, 
the conductive material is deposited into the opening in 



the carrier by electroless plating. The conductive material 
can be copper or gold. Furthermore, the conductive body 
can be a composite layer formed by stacking multiple 
metallic layers, for example, by successively stacking a 
gold layer, a palladium layer, a nickel layer and a palla- 
dium layer. 

[0015] | n one embodiment of this invention, the conductive body 
has a die pad and a plurality of contacts. Furthermore, the 
chip has an active surface and a back surface. All the chip 
contacts are located on the active surface. The back sur- 
face of the chip is attached to the die pad through an ad- 
hesive. The chip and the die pad contacts are electrically 
connected through a plurality of conductive wires. One 
end of each conductive wire is connected to the contact of 
the conductive body while the other end of each conduc- 
tive wire is connected to the chip contact. The chip, the 
conductive wires and the carrier's upper surface are en- 
closed by a packaging material. 

[0016] According to another embodiment of this invention, the 
conductive body has a plurality of contacts. The chip has 
an active surface and a plurality of chip contacts, wherein 
the chip contacts are formed on the active surface. The 
active surface of the chip faces the upper surface of the 



carrier. Through a plurality of bumps, the chip is fastened 
onto the carrier and electrically connected to the contacts 
of the conductive body. One end of each bump bonds with 
the chip contact while the other end of the bump bonds 
with the die contact. After firmly attaching the chip to the 
carrier via the bumps, an insulation material is filled into 
the space between the chip and the carrier and thereby 
encloses the bumps. 

[0017] | n addition, the aforementioned packaging process can be 
used to fabricate a substrate with a multiple of carriers. 

[0018] This invention also provides an alternative packaging pro- 
cess that includes the following steps. First, a carrier hav- 
ing an upper surface and a corresponding lower surface is 
provided. An opening that passes through the carrier is 
formed. A tape is attached to the lower surface of the car- 
rier. Thereafter, a conductive body is formed on the upper 
surface of the carrier and within the openings of the car- 
rier. The conductive body is patterned. A chip is attached 
to the upper surface of the carrier and the chip and the 
conductive body are electrically connected. Finally, the 
tape is removed. 

[0019] This invention also provides a package structure suitable 
for mounting on a printed circuit board. The package 



structure includes a substrate and a chip. The substrate 
has a carrier and a conductive body. The carrier has an 
opening that passes through the carrier. The conductive 
body is filled into the opening of the carrier. The substrate 
is attached to and electrically connected with the printed 
circuit board using a surface mount technology. The chip 
not only sits on top of the substrate, but also connects 
electrically with the substrate. 

[0020] | n brief, the packaging process and the package structure 
according to this invention do not use metal-etching pro- 
cess and hence reduces environmental pollution consider- 
ably. In addition, since the contacts of the conductive 
body are surrounded and supported by the carrier, the 
contacts can be prevented from being sunk into the tape 
when a head of a wire-bonding machine presses the con- 
ductive wires onto the contacts. Consequently, the head is 
able to bond the conductive wires onto the contacts with 
great accuracy and hence strengthen the bonds between 
the conductive wires and the contacts. 

[0021] it j S t 0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 



Brief Description of Drawings 

[0022] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0023] pigs. 1 to 11 are schematic cross-sectional views showing 
the progression of steps in a packaging process according 
to a first preferred embodiment of this invention. 

[0024] pigs. 12 to 18 are schematic cross-sectional views show- 
ing the progression of steps in a packaging process ac- 
cording to a second preferred embodiment of this inven- 
tion. 

[0025] Figs. 19 to 27 are schematic cross-sectional views show- 
ing the progression of steps in a packaging process ac- 
cording to a third preferred embodiment of this invention. 
Detailed Description 

[0026] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 



drawings and the description to refer to the same or like 
parts. 

[0027] pigs. 1 to 11 are schematic cross-sectional views showing 
the progression of steps in a packaging process according 
to a first preferred embodiment of this invention. First, as 
shown in Fig. 1, a carrier 110, such as an insulation layer, 
is provided. The carrier 110 is made from a material, such 
as glass epoxy resin, Bismaleimide-Triazine, polyimide or 
epoxy resin. The carrier 110 has an upper surface 112 
and a corresponding lower surface 114. A photoresist 
layer 120 is formed over the carrier 110 by a spincoating 
process or a thermal-heating process. The photoresist 
layer 120 is exposed and then developed to transfer a 
pattern (not shown) to the photoresist layer 120. Hence, a 
plurality of openings 122 that expose the carrier 110 is 
formed in the photoresist layer 120. The carrier 110 is 
etched using the photoresist layer 120 as an etching mask 
so that the photoresist opening 122 pattern is transferred 
to the carrier 110. After the etching operation, a plurality 
of openings are formed in the carrier 110. Locations of 
the openings 116 in the carrier 110 correspond to the 
photoresist opening 122 pattern so that the openings 116 
in the carrier 110 and the photoresist openings 122 form 



a continuous passageway as shown in Fig. 2. 

[0028] As shown in Fig. 3, a tape 130 is attached to the lower 
surface 114 of the carrier 110. Thereafter, a conductive 
material is deposited into the openings 116 in the carrier 
110 to form conductive body 140 as shown in Fig. 4. The 
conductive body 140 is a copper or gold layer formed, for 
example, by depositing copper or gold into the openings 
116 in the carrier 110 using an electroless plating opera- 
tion. The conductive body 140 can be a composite layer 
formed by stacking multiple metallic layers, for example, 
by successively stacking a gold layer, a palladium layer, a 
nickel layer and a palladium layer. In an ideal condition, 
the conductive body 140 is filled into the whole of the 
opening 116. The conductive body 140 has a die pad 142 
and a plurality of contacts 144. The contacts 144 sur- 
round the die pad 142. Thereafter, the photoresist layer 
120 is removed from the upper surface 112 of the carrier 
110, as shown in Fig. 5. If the tape 130 is removed from 
the carrier 110 at this stage as shown in Fig. 5A, a sub- 
strate 102 is formed. In this embodiment, the substrate 
102 has a carrier 110 and the conductive body 140. 

[0029] However, the tape 130 may remain attached to the sub- 
strate 102 until the final of the packaging process. As 



shown in Fig. 6, a screen-printing process or a adhesive- 
dispensing process can be used to form an adhesive 150 
over the die pad 142. As shown in Fig. 7, a chip 160 hav- 
ing an active surface 162 and a corresponding backside 
164 is provided. The chip 160 has a plurality of chip con- 
tacts 166 on the active surface 162. The backside 164 of 
the chip 160 is attached to the die pad 142 through the 
adhesive 150. However, the chip 160 may be attached to 
the adhesive 150 a long time after attaching the adhesive 
150 to the die pad 142 as shown in Fig. 6A. In this case, a 
tape 152 is attached to the adhesive 150 and the upper 
surface 112 of the carrier 110 after the adhesive 150 is 
cured so that the adhesive 150 is prevented from any 
contamination. When it is ready to attach the chip 160, 
the tape 152 is removed from the carrier 110 and the ad- 
hesive 150 and heat is applied to soften the adhesive 150. 
As soon as the adhesive 150 is softened, the chip 160 is 
easily attached to the die pad 142. 
[0030] As shown in Fig. 8, a wire-bonding operation is carried 

out to form a plurality of conductive wires 170 that physi- 
cally and electrically connects the chip contacts 166 and 
corresponding contacts 144 on the substrate 102. One 
end of each conductive wire 170 bonds with the contact 



144 while the other end of the conductive wire 170 bonds 
with the chip contact 166. As shown in Fig. 9, an encap- 
sulating operation is conducted. A packaging material 180 
is used to enclose the conductive wires 170 and the chip 
160 and to cover the upper surface 112 of the carrier 110. 
Thereafter, the tape 130 is removed from the lower sur- 
face 114 of the carrier 110 and a complete package struc- 
ture is formed as shown in Fig. 10. Since the tape 130 is 
removed in the last stage for fabricating the carrier 110, 
contamination of the surface 146 of the contacts 144 is 
prevented. 

[0031] As shown in Fig. 11, a surface mount technology (SMT) 
may be used to mount the package structure 100 onto a 
printed circuit board 200. First, a solder material 210 is 
printed on the contacts 202 and the heat-dissipation pad 
on the printed circuit board 200. The package structure 
100 is placed over the printed circuit board 200 and tem- 
porarily adhered to the printed circuit board 200 through 
the solder material 210. Afterwards, a reflow operation is 
conducted to cure the solder material 210. Hence, the 
package structure 100 is firmly attached to the printed 
circuit board 200. Through the heat-dissipation pad 204, 
heat generated by the chip 160 is easily dissipated to the 



surrounding. This type of package structure 100 also has 
superior electrical properties. 

[0032] | n the aforementioned embodiment, any metal etching 

operation can be dramatically avoided. Hence, the fabrica- 
tion process according to this invention is able to reduce 
environmental pollution considerably. Furthermore, this 
invention only requires a single reflow operation, thereby 
reducing the warpage level of the substrate 101. Thus, the 
substrate 102 can have a higher degree of surface pla- 
narity. Because the contacts 144 are supported by sur- 
rounding carrier 110 material, the caving of contacts 144 
into the tape 130 can be prevented when a head of a 
wire-bonding machine presses the conductive wires 170 
onto the contact 144. Therefore, the head is able to bond 
the conductive wires 170 onto the contacts 144 precisely. 
Ultimately, reliability of the bond between the conductive 
wires 170 and the contacts 144 is improved. 

[0033] | n the aforementioned embodiment, the substrate is a 
single-layered structure with the chip and the substrate 
electrically connected through conductive wires. However, 
the scope of this invention is not limited to this applica- 
tion. In the second embodiment of this invention, the 
substrate is a multi-layered carrier and the chip and the 



substrate are electrically connected through bumps. 
[0034] pigs. 12 to 18 are schematic cross-sectional views show- 
ing the progression of steps in a packaging process ac- 
cording to a second preferred embodiment of this inven- 
tion. First, as shown in Fig. 12, a carrier 110, a tape 130 
and a conductive body 140 are formed using the pro- 
cesses as shown in Figs. 1 to 5. Thereafter, an additional 
carrier 310, such as an additional insulation layer, is 
formed over the upper surface 112 of the carrier 110 by 
conducting a heat-pressing or spin-coating operation. 
The additional carrier 310 is made from a material, such 
as glass epoxy resin, Bismaleimide-Triazine, polyimide or 
epoxy resin. The carrier 310 has an upper surface 312 
and a corresponding lower surface 314. The lower surface 
314 of the carrier 310 is attached onto the carrier 110. 
Thereafter, a photoresist layer 320 is formed on the upper 
surface 312 of the carrier 310 by spin-coating, for exam- 
ple. The photoresist layer 320 is exposed and developed 
to transfer a pattern (not shown) to the photoresist layer 
320. The patterned photoresist layer 320 has a plurality of 
openings 322 that expose the carrier 310 as shown in Fig. 
13. The carrier 310 is etched using the photoresist layer 
320 as an etching mask so that the photoresist opening 



322 pattern is transferred to the carrier 310. After the 
etching operation, a plurality of openings 316 is formed in 
the carrier 310. Locations of the openings 316 in the car- 
rier 310 correspond to the photoresist opening 322 pat- 
tern so that the openings 316 in the carrier 310 and the 
photoresist openings 322 form a continuous passageway 
as shown in Fig. 14. Thereafter, a conductive material is 
deposited into the openings 316 in the carrier 310 to 
form a conductive body 340 as shown in Fig. 15. The con- 
ductive body 340 is a copper or gold layer formed, for ex- 
ample, by depositing copper or gold into the openings 
316 in the carrier 310 in an electroless plating operation. 
The conductive body 340 can be a composite layer formed 
by stacking multiple metallic layers, for example, by suc- 
cessively stacking a gold layer, a palladium layer, a nickel 
layer and a palladium layer. In an ideal condition, the con- 
ductive body 340 is filled into the whole of the opening 
3 16. The conductive body 340 has a plurality of contacts, 
for example, for communicating signals with the external 
circuits. Thereafter, the photoresist layer 320 is removed 
from the carrier 310, as shown in Fig. 16. If the tape 130 
is removed from the carrier 110 at this stage as shown in 
Fig. 16A, a substrate 302 with multiple metal layers and 



insulation layers is formed. In this embodiment, the sub- 
strate 302 has two carriers 110 and 310 as well as two 
conductive bodies 140 and 340. However, by repeating 
the aforementioned processes, a substrate having more 
than two metal layers and insulation layers is produced. 
[0035] The tape 130 may remain attached to the substrate 102 
until the final of the packaging process. As shown in Fig. 
17, a flip-chip process is conducted to physically and 
electrically connect a chip 360 to the substrate 302 
through a plurality of bumps 370. The chip 360 has an 
active surface 362 and a plurality of chip contacts 364 and 
the chip contacts 364 are formed on the active surface 
362. In the step, the bumps are first formed on the chip 
contacts 364 and then the chip 360 is moved with the ac- 
tive surface 362 of the chip 360 facing the substrate 302 
and the bumps 370 attached on a solder material (not 
shown) that is formed on the contacts of the conductive 
body 340, for example, by a screen-printing process. A 
reflow process is conducted to bind the bumps 370 with 
the solder material. The bumps 370 physically and electri- 
cally connect the chip contacts 364 with the contacts 340 
on the upper surface of the substrate 302. In other words, 
one end of each bump 370 is bonded to the chip contact 



364 while the other end of the bump 370 is bonded to the 
contact 340 on the substrate 302. After the chip 360 is 
firmly attached to the substrate 302 through the bumps 
370, an insulation material 380 is filled into the space be- 
tween the chip 360 and the substrate 302 and encloses 
the bumps 370. Thereafter, the tape 130 is removed from 
the substrate 302, as shown in Fig. 18, thereby forming a 
complete package structure 300. Since the tape 130 is re- 
moved from the substrate 302 in the last stage of the 
package fabrication, contamination of the surface 146 of 
the conductive body 140 in the openings 116 of the lower 
carrier 110 is prevented. 

[0036] | n the aforementioned process, the conductive bodies are 
formed in the openings of the carriers before removing 
the photoresist layer. However, it is also permissible to 
form the conductive bodies in the openings of the carriers 
after removing the photoresist layer. Figs. 19 to 27 are 
schematic cross-sectional views showing the progression 
of steps in a packaging process according to a third pre- 
ferred embodiment of this invention. 

[0037] First, as shown in Fig. 2, after the openings 116 are 

formed in the carrier 110 using the photoresist layer 120, 
the photoresist layer 120 is removed from the carrier 110. 



Thereafter, a tape 130 is formed on the lower surface 114 
of the carrier 110 as shown in Fig. 19. Conductive mate- 
rial is deposited to form a conductive body 540 by con- 
ducting an electroless plating operation, a sputter process 
or an electroplating process. The conductive body 540 is 
filled into the openings 116 in the carrier 110 and covers 
the upper surface 112 of the carrier 110 as shown in Fig. 
20. The conductive body 540 is a layer of copper or gold, 
for example. The conductive body 540 may also be a 
composite layer formed by stacking multiple metallic lay- 
ers, for example, by successively stacking a gold layer, a 
palladium layer, a nickel layer and a palladium layer. A 
photolithogrphy process is next conducted by forming a 
photoresist layer 520 over the conductive body 540, ex- 
posing the photoresist layer 520 and developing the pho- 
toresist layer 520 thereafter. Ultimately, a pattern (not 
shown) is transferred to the photoresist layer 520 so that 
the photoresist layer 520 has a plurality of photoresist 
openings 522 that exposes the conductive body 540 as 
shown in Fig. 21. The conductive body 540 is etched us- 
ing the photoresist layer 520 as an etching mask so that 
the pattern of the conductive body 540 over the carrier 
110 matches the pattern in the photoresist layer 520 as 



shown in Fig. 22. 

[0038] a heat-pressing method or spin-coating and curing 

methods is used to form an additional carrier 510, such as 
an insulation layer, over the upper surface 112 of the car- 
rier 110 as well as the conductive body 540 as shown in 
Fig. 23. The previous steps for forming the conductive 
bodies can be repeated to form an additional conductive 
body 580 in the openings 512 of the carrier 510 and over 
the carrier 510 and the conductive body 540 as shown in 
Fig. 24. Next, a solder mask layer 590 is selectively 
formed over the carrier 510 and the conductive body 580. 
The solder mask layer 590 is patterned to form a first 
opening 592 and a plurality of second openings 594. 
Through the first opening 592 and the second openings 
594, the conductive body 580 is exposed to the outside. 
The conductive body 580 exposed by the first opening 
592 forms a die pad 582 while the conductive body ex- 
posed by the second openings 594 forms a plurality of 
contacts 584 as shown in Fig. 25. If the tape 130 is re- 
moved at this stage, a complete substrate 502 is fabri- 
cated as shown in Fig. 25A. 

[0039] The tape 130 may remain attached to the substrate 502 
until the final of the packaging process. The subsequent 



steps for fabricating the structure as shown in Fig. 26 is 
similar to the first embodiment of this invention, and the 
detailed description is not repeated. Finally, the tape 130 
is removed from the lower surface 114 of the carrier 110 
to form a package structure 500 as shown in Fig. 27. 
Since the tape 130 is removed from the carrier 110 in the 
last step, surface contamination of the contacts 544 is re- 
duced. The package 500 can be later attached to a printed 
circuit board (not shown) using a surface mount technol- 
ogy. The printed circuit board connects electrically with 
the package 500 through its contacts 544. 
[0040] | n conclusion, major advantages of this invention include: 

1. Since the packaging process demands no metallic etch- 
ing operation, environmental pollution is greatly reduced. 

2. Since only one reflow step is required, the warpage 
level of the substrate is reduced. Ultimately, the surface of 
a substrate can have a higher degree of planarity. 3. Be- 
cause the contacts are surrounded and supported by the 
carrier, the caving of contacts into the tape can be pre- 
vented when a head of a wire-bonding machine presses 
the conductive wires onto the contact. Therefore, the head 
is able to bond the conductive wires onto the contacts 
precisely. Ultimately, reliability of the bond between the 



conductive wires and the contacts is improved. 
[0041] | t w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



